D
eep venous thrombosis (DVT) and pulmonary embolism (PE), collectively known as venous thromboembolism (VTE), are leading causes of morbidity and mortality in the United States. [1] [2] [3] The incidence of VTE is estimated to be 100-120 per 100,000 population (~0.1%), and VTE accounts for over 200,000 deaths annually in the United States. [1] [2] [3] In addition to the obvious public health burden, an estimated $15.5 billion is spent annually on diagnosing and treating VTE, placing a significant strain on the U.S. health care system. 4, 5 Over 12 million people in the United States are at risk of VTE due to hospitalization for major surgery or medical illness. 6 In fact, the majority of hospitalized patients have at least one factor that may put them at risk for a hospital-acquired VTE. 7 Without appropriate prophylaxis, the rate of hospital-acquired DVT ranges from 10% to 40% in the medical and general surgery populaPurpose. The effectiveness of a program to improve adherence to best-practice guidelines for venous thromboembolism (VTE) risk assessment and prevention in a community hospital setting was evaluated. Summary. Variation in the use of bestpractice guidelines for VTE risk assessment and prevention with regard to the frequency of VTE risk assessment and the risk score assigned, as well as the communication of the risk of VTE and the need for prophylaxis to treating physicians, was found. To improve adherence to established guidelines, the responsibilities of a nurse case manager were expanded to serve as a single point of contact who was accountable for identifying high-risk patients and advocating for appropriate pharmacologic prophylaxis in the absence of contraindications. To facilitate the role of the nurse case manager, an automated VTE-riskassessment tool was developed to reliably identify high-risk patients in real time. This intervention was evaluated from January 1 to June 30, 2010. Before the intervention, contraindications to anticoagulation were reported for 19.1% of high-risk patients not receiving prophylaxis and pharmacologic prophylaxis was ordered for 47.9% of highrisk patients without contraindications. During the course of the intervention, contraindications to anticoagulation were reported for 36.2% of high-risk patients not receiving prophylaxis and pharmacologic prophylaxis was ordered for 64.9% of highrisk patients without contraindications. Conclusion. The appointment of a nurse case manager trained in anticoagulation and the development of an automated VTE-risk-assessment tool to identify patients at high risk of VTE were associated with improved adherence to best-practice guidelines for VTE risk assessment and prevention.
Am J Health-Syst Pharm-Vol 68 Nov 15, 2011 costs: $10,000 per DVT and $20,000 per PE. 9 Although hospital-acquired VTE will never be completely eradicated, efforts to reduce these events can have a dramatic effect on hospital costs and patient care.
Background
There are established guidelines describing evidence-supported best practices for preventing, diagnosing, treating, and managing VTE, such as those published by the Agency for Healthcare Research and Quality (AHRQ) and the American College of Chest Physicians. 9, 10 According to most guidelines, appropriate prophylaxis (i.e., appropriate duration, dosage, and modality) is considered to be the most effective strategy for preventing VTE. AHRQ ranked appropriate VTE prophylaxis as the most important safety practice with the greatest impact on patient care.
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The literature also supports the use of the practices outlined in the guidelines and their beneficial impact on VTE outcomes. 8, 12 Despite the wealth of evidence supporting the use of VTE guidelines, they are not universally followed. Several studies have shown that the rates of appropriate pharmacologic prophylaxis range from 34% to 40% in medical patients and 32% to 59% in surgical patients. [13] [14] [15] Factors that may limit adherence to VTE prevention guidelines include a decreased awareness of VTE risk factors and the frequency of VTE, clinician belief that VTE is not a problem in his or her practice, clinician reluctance to use pharmaceutical prophylaxis due to concerns regarding bleeding complications, and insufficient clinician knowledge about recommended standards for VTE prevention. 6, 16, 17 
Problem
Even when best-practice guidelines are implemented, their application may be inconsistent. At our community hospital, we found variations in the frequency of VTE risk assessment and in the risk score assigned, depending on the individual performing the review. Inhouse surveys also found significant variability in how the risk of VTE and the need for prophylaxis are communicated to treating physicians between facilities and even among units within the same facility. We assembled a study team, which included a physician, a pharmacist, and a nurse, to perform a chart review to examine patterns of pharmacologic prophylaxis at our hospital. Among 106 randomly selected patients with a VTE risk documented between May 1 and June 30, 2009, 82 patients (77.4%) were identified as being high risk for VTE. Seventy-three high risk patients had no contraindication to prophylaxis; 35 of these patients (47.9%) received pharmacologic prophylaxis. Of the 47 high-risk patients without prophylaxis, 9 (19.1%) had contraindications to pharmacologic prophylaxis documented in the medical chart.
The study team also reviewed discharge records between May 1 and October 31, 2009, to examine VTE-related outcomes at our hospital. Among 5775 discharge records (excluding 100 cases of patients who had VTE at admission), 27 patients (0.47%) were identified as having a hospital-acquired VTE. Of these patients, 17 had a hospital-acquired DVT, 7 had a hospital-acquired PE, and 3 suffered both a hospitalacquired DVT and PE. Of 2404 patients receiving pharmacologic prophylaxis, 11 (0.46%) experienced prophylaxis-related bleeding.
Analysis and resolution
A VTE intervention program, consisting of two components, was designed to improve adherence to best-practice guidelines. First, we appointed a nurse case manager to the inpatient setting, who served as a single point of contact and was accountable for VTE risk assessment and prevention. Second, to facilitate the role of the nurse case manager, we developed an automated riskassessment tool to reliably identify high-risk patients in real time.
The VTE intervention was conducted at Sutter General Hospital, a 306-bed, specialty, not-for-profit, community medical center in Sacramento, California. The hospital provides general acute medical and surgical care as well as advanced cancer, orthopedics, spine, neurology, and neurosurgery services. The hospital's institutional review board approved this study on January 20, 2009.
A registered nurse specially trained in anticoagulation management was designated as a part-time inpatient nurse case manager and was assigned to the hospital Monday through Friday from December 7, 2009, through June 30, 2010. The nurse case manager's activities to support the intervention were in addition to her usual role in the outpatient anticoagulation program. The time spent on tasks related to the risk assessment was estimated to be about 25% of total work time.
The nurse case manager served as a single point of contact for nurses, physicians, pharmacists, and patients with respect to VTE risk assessment and prevention. In this regard, the nurse case manager had the following key responsibilities: (1) identify patients at high risk for VTE who were not receiving pharmacologic prophylaxis, (2) encourage documentation of contraindications to pharmacologic prophylaxis, and (3) in the absence of contraindication, advocate for appropriate pharmacologic prophylaxis.
Development of an automated risk-assessment tool. To support the role of the nurse case manager, the study team developed an automated decision-support tool to allow for real-time identification of patients at high risk for VTE. This tool was derived from an existing proprietary clinical-decision-support tool, Core Measure Manager (CMM), developed at Sutter Medical Center Sacramento to support Medicare Core Measure compliance tracking for heart failure, pneumonia, and myocardial infarction. 18 CMM compiles relevant data from separate systems into one database, including admitting, discharge, and transfer; laboratory; pharmacy; and radiology systems, allowing for a broad picture of a patient's status. An interface was added for dictated documents, which facilitated keyword searches of free-text reports, including medical history and physical examinations, consultation notes, and operative reports. The VTE-risk-assessment algorithm, derived from a point-based manual risk-assessment tool ( Figure  1 ), used these data to identify VTE risk factors in each patient for whom a total risk score was calculated. Patients with a risk score of ≥3 were deemed to have a high risk of VTE. A score of <3 indicated a low or moderate VTE risk. To validate the algorithm, the nurse case manager manually reviewed and scored each chart for patients on the CMM-generated VTE risk report. The study team fine-tuned the algorithm based on the feedback of the nurse case manager. An independent nurse trained in VTE risk assessment was asked to score the VTE risk using charts from 50 random patients, which resulted in 96% consistency between the automated report and expert opinion.
Data collection. High-risk patients age 18 years or older who were admitted to Sutter General Hospital between December 7, 2009, and June 30, 2010, were identified using the automated risk tool described above. The VTE-risk-assessment algorithm was run once daily, Monday through Friday, to calculate the VTE risk for all patients, including newly admitted patients and existing patients whose VTE risk score might have changed. For the patients identified as high risk, the pharmacy system was checked for active anticoagulation orders. High-risk patients not receiving pharmacologic prophylaxis were added to the CMM VTE risk report for follow-up with the nurse case manager. Outcomes analyses. The charts of inpatients age 18 years or older who were discharged between January 1 and June 30, 2010, were reviewed for hospital-acquired VTE and bleeding events. The month of December was excluded from analysis because the program was still in development and not fully operational. Acute care rehabilitation, skilled-nursing facility, and labor and delivery inpatients were excluded from this analysis.
Hospital-acquired VTE was defined as a DVT or PE that occurred during hospitalization or within 30 days of discharge and that was not present on hospital admission. 24 ) which were confirmed to be hospital acquired per chart review. All non-VTE discharges were compared with all discharges with VTE present on hospital admission (also confirmed by chart review) from January 1 through July 31, 2010, to determine if a patient was readmitted within 30 days due to VTE. Hospital-acquired prophylaxisrelated bleeding was defined as bleeding that occurred during the hospital stay; these events were excluded. Contraindications to pharmacologic prophylaxis included one or more of the following: evidence of active bleeding or a high risk of bleeding, history of heparin-induced thrombocytopenia, and a platelet count of <100,000/mm 3 . Patients whose VTE risk was categorized as low or moderate received usual care per nurse or physician discretion. For example, low-risk or moderate-risk patients might have received mechanical prophylaxis, such as knee-high compression stockings or other knee-high sequential compression devices when in bed. Mechanical prophylaxis is not documented electronically at our hospital; therefore, these data were not captured in this study.
Descriptive statistics were used for all study variables.
Results
During the six-month intervention period, data for 6000 acute-care discharges were captured. Seventyseven patients (1.3%) had VTE on admission and were excluded from further analysis. Of the remaining 5923 patients, 4131 (69.7%) were identified by the automated riskassessment tool as high risk for VTE ( Figure 2 ). Among high-risk patients, 2018 (48.9%) had orders for pharmacologic prophylaxis at the time of the assessment, but 1787 (43.2%) had no active orders for prophylaxis and were added to the VTE risk report for follow-up. Contraindications to anticoagulation were identified for 407 (36.2%) of 1124 high-risk patients not receiving pharmacologic prophylaxis. The overall rate of pharmacologic prophylaxis for high-risk patients was 64.9% (2681 of 4131 high-risk patients).
Among the 5923 discharge records evaluated, 15 hospital-acquired VTEs were identified (0.25%). Five patients experienced a hospital-acquired DVT, 7 patients had a hospital-acquired PE, and 3 patients had both a hospitalacquired DVT and PE. Among the 2681 patients with orders for pharmacologic prophylaxis, 10 patients (0.37%) experienced prophylaxisrelated bleeding events.
Discussion
In this study, the nurse case manager served as a single point of contact for hospital staff and patients and augmented the consistency of care for VTE risk assessment and prevention. With the aid of an automated risk-assessment tool, the nurse case manager could reliably assess VTE risk in real time and advocate for appropriate pharmacologic prophylaxis. All patients admitted to the hospital during the intervention period were assigned a VTE risk score. Moreover, scores were automatically updated daily to capture any patients whose VTE risk may have changed during hospitalization. Before the intervention, the majority of patients in our chart review received at least one VTE risk score; however, we noted some interrater variability in the risk scores calculated. Interrater variability is a common issue with manual risk assessments that can be mitigated by the use of an automated risk-assessment tool.
During the intervention, the rates among high-risk patients of documented contraindications to anticoagulation (407 [36.2%] of 1224 patients) and orders for pharmacologic prophylaxis (2681 [64.9%] of 4131 patients) were higher than those found during the preintervention period (9 [19.1%] of 47 patients had documented contraindications, and 35 [47.9%] of 73 patients had orders for prophylaxis). However, the preintervention values were derived from a chart review of a small number of patients and should be interpreted with caution.
A subset of patients (n = 227) who were added to the risk report during the intervention period were classified as having documented contraindications and orders for prophylaxis. This subset likely represents patients who were receiving prophylaxis but developed a contraindication during therapy, at which time anticoagulation was discontinued. Alternatively, these patients may have had an initial contraindication but were later cleared to receive pharmacologic prophylaxis.
During the intervention period, 326 high-risk patients were not added to the risk report. This was due to the fact that the risk report was run daily Monday through Friday; thus, patients who were admitted and discharged over the weekend would not have been assessed in this study. After evaluating the medical records of these patients, we ascertained that they did not have orders for pharmacologic prophylaxis; however, we do not know if they had contraindications to anticoagulation. Furthermore, 717 additional highrisk patients who were added to the risk report did not receive pharmacologic prophylaxis despite the absence of documented contraindications. Several factors may have contributed to this. For example, the nurse case manager was available to follow up on high-risk patients on a part-time basis, and although patients may have been admitted during this time, the patients may have been discharged before the nurse case manager had the opportunity to intervene. Furthermore, the treating physician may have disregarded the nurse case manager's recommendation for pharmacologic prophylaxis (e.g., withholding prophylaxis, ordering mechanical prophylaxis instead). Unfortunately, data on mechanical prophylaxis were not captured in this study, because orders for mechanical prophylaxis were not documented electronically.
The rates for hospital-acquired VTE (0.25%) and prophylaxisrelated bleeding events (0.37%) were low during our study period relative to the preintervention period (0.47% and 0.46%, respectively). Notably, the percentage of patients who had VTE on admission was also relatively lower during the intervention period (1.3%) compared with the preintervention period (1.7%); however, the magnitude of change was greater for hospital-acquired VTEs compared with VTE that was present on admission. Although we are encouraged by our findings, a direct comparison of rates of hospital-acquired VTE and rates of prophylaxis-related bleeding events among patients during the preintervention and intervention periods is not appropriate, as our study was not designed to make such comparisons. Moreover, there is insufficient statistical power in our study to detect significant differences between these low rates. It is possible that the rates of hospital-acquired VTE were underestimated both before and during the intervention if patients experienced a VTE within 30 days after discharge but were admitted to a different hospital.
To the best of our knowledge, our study is the first to show that an ac- In contrast to previous studies, [20] [21] [22] ours was conducted in a community hospital without the resources of a large, academic medical center. In fact, only a few studies have addressed VTE prevention in a community hospital setting. [23] [24] Nevertheless, our study is the first to implement an automated system to facilitate a streamlined approach to VTE risk assessment and prevention in a community hospital with improved adherence to best-practice guidelines.
This study had several limitations, including a short duration of followup and a single-site study design. In addition, the nurse case manager was part-time and provided coverage only on weekdays. Communication between the nurse case manager and the treating physicians was primarily a written note left in the patients' charts, and there was little follow-up if a physician did not act on the recommendation. Furthermore, this intervention was designed as a processimprovement initiative; therefore, it is unknown if the intervention had any effect on patient outcomes.
Our hospital study site and a second hospital within our network are preparing to replace the manual VTE risk assessment, as performed daily by nurses, with the automated riskassessment tool. At these hospitals, VTE risk assessment will be allocated to the pharmacy department, which will print the risk report daily and follow up with physicians as needed. A third hospital in our network has also requested implementation of the automated VTE risk-assessment tool.
Conclusion
The appointment of a nurse case manager trained in anticoagulation and the development of an automated VTE-risk-assessment tool to identify patients at high risk of VTE were associated with improved adherence to best-practice guidelines for VTE risk assessment and prevention.
